O nce covering 69 million ha (170 million ac) in 16 states and 3 provinces, quality sagebrush (Artemisia L.
[Asteraceae]) habitat is now an imperiled ecosystem in the US (Noss and others 1995) . Native floras of the sagebrush biome are remarkably diverse and species rich, with numerous endemic genera and species (Figure 1 ). Collectively, these areas contain more than 5000 plant taxa others 1972-2012; Hitchcock and others 1987; others 2002, 2012) . They are centers of diversity for a significant number of monotypic and species-rich genera (Table 1) , many of which are narrow or regional endemics, and new species are still being discovered, such as Lomatium ochocense Helliwell & Constance (Apiaceae) from central Oregon (Helliwell 2010) .
This diverse flora in turn supports a diverse invertebrate community including herbivores, predators, detritivores, important pollinators of regional flora, and the western population of the monarch butterfly (Danaus plexippus L. [Lepidoptera: Nymphalidae] ). Together, the diverse flora and invertebrate community support numerous obligate wildlife species such as the pygmy rabbit (Brachylagus idahoensis Merriam [Leporidae] ), sagebrush vole (Lemmiscus curtatus Cope [Cricetidae]), pronghorn (Antilocapra americana Ord [Antilocapridae]), Sagebrush Sparrow (Artemisiospiza nevadensis Bruant des armoises), Sage Thrasher (Oreoscoptes montanus JK Townsend [Mimidae] ), and more than 200 species of other resident and migratory birds.
Of the birds of the sagebrush biome, the Greater SageGrouse (Centrocercus urophasianus Bonaparte [Phasianidae] ) and Gunnison Sage-Grouse (Centrocercus minimus Young and others) have become "canaries in the coal mine" as indicators for the health of the North American sagebrush landscape. These 2 species of sage-grouse have a remarkable life history entwined with sagebrush. Males assemble in areas called "leks" during the breeding season (late winter through spring) to court females with their spectacular mating displays (Figure 2 ). Nesting hens, brooding females, and chicks rely directly on a high diversity of annual and perennial forbs; sage-grouse diet of those forbs and the biodiverse, high-protein invertebrates associated with the plants is critical for the species survival.
Today, the Gunnison Sage-Grouse roams the Colorado Plateau, whereas the Greater Sage-Grouse (GRSG) occurs in just half of its original range in the Great Basin, Columbia River Basin, and Wyoming Basin and some areas of the northern and western Great Plains. Gunnison Sage-Grouse was listed as threatened under the Endangered Species Act (ESA) in 2014 (Federal Register 2014) . Although listing GRSG under the ESA was recently deemed not warranted, its status will be re-evaluated in 5 y (USDI 2015) . Today, most remaining GRSG populations are associated with habitats at more northern latitudes or higher elevations, and (or) within more mesic or colder sagebrush environments (Connelly and Braun 1997) .
Because Gunnison Sage-Grouse and GRSG are believed to have similar life histories and habitat requirements and because most literature concentrates on GRSG, the focus of this paper will be on GRSG, recognizing that key points are most likely applicable to Gunnison Sage-Grouse, too. Our objectives are to demonstrate to nursery managers, seed producers, and land managers the importance of floral diversity to sustainable populations of both sage-grouse species (Gunnison and Greater) and to encourage those professionals to produce and deploy more native plants, especially forbs, in habitat restoration efforts.
T H R E A T S T O S A G E -G R O U S E
A suite of threats are affecting sage-grouse; these threats are often broadly lumped together as the loss, fragmentation, and degradation of sagebrush ecosystems, which are primarily driven by human activities (Connelly and others 2011) . These anthropogenic activities are now interacting in complex ways (see Finch and others 2015 for a concise review), and important drivers include invasive annual grasses, encroachment by trees, altered fire cycles, grazing, and climate change (Davies and others 2011) . The decades of chronic loss, fragmentation, and degradation within the sagebrush ecosystem has led to the acute potential problem of several sagebrush obligate wildlife species being considered for threatened or endangered status at the state and federal levels, which would have a large implication on the management and use of western rangelands. Two other drivers in the current discussion are pesticides and energy development.
By the 1970s, more than 2 million ha (nearly 5 million ac) of sagebrush had been mechanically treated, sprayed with herbicides, or burned to improve grazing (Hull and others 1952; Schneegas 1967; Vale 1974) , often during spring and early summer at the height of GRSG nesting and brood rearing, resulting in declines in sage-grouse populations and habitat quality (Connelly and others 2000; others 2003, 2012; Crawford and others 2004) . These treatments also negatively affected populations of understory native floras, health of biological soil crusts, and persistence of native seedbanks (Belnap and Eldridge 2003; Thacker and others 2012) .
Herbicide use is a factor for GRSG survival. 2,4-D is a very commonly used phenoxy herbicide used for control of broadleaf plants in rangelands. Perennial forbs important to the dietary requirements of pre-laying hens, chicks, and juveniles, such as those in the species-rich Asteraceae, Liliaceae, Rosaceae, Plantaginaceae, Orobanchaceae, and Fabaceae that support entire communities including a web of regional pollinators, are severely damaged or killed by 2,4-D. In addition, modern formulations of 2,4-D are highly toxic to bees (Hymenoptera) (Dow Chemical Company 2015) , which may have long-term implications for forb reproduction if pollination services are hindered. It may take several years for annual plant recovery or recruitment following 2,4-D application (Thacker and others 2012) Insecticides, such as those used to control grasshoppers (Orthoptera: Acrididae) (Johnson and Boyce 1990) and Mormon crickets (Anabrus simplex Haldeman [Orthoptera: Tettigoniidae]), can be toxic to adult birds (Blus and others 1989) , and low rates of annual GRSG recruitment, especially in areas where sagebrush habitat interfaces agricultural fields, may be attributable to insecticides. Juveniles are attracted to agricultural fields during late summer months (Peterson 1970 ) after many preferred native forbs have senesced for the season.
In addition, oil, gas, coal, and wind energy development in sagebrush-dominated habitats during the past 20 y has negatively affected GRSG. Holloran (2005) noted that the number of producing wells has more than doubled, and this development in sagebrush habitat far exceeds GRSG tolerance thresholds. Unfortunately, current energy expansion is occurring in some of the best remaining sagebrush communities and within areas having the highest density populations of GRSG and other sagebrush-obligate species (Knick and others 2003; Crawford and others 2004; Kaiser 2006; Bergquist and others 2007) . Threats to GRSG associated with energy development include a number of detrimental effects: increased fragmentation leading to disrupted habitat use patterns (Lyon and Anderson 2003; Ingelfinger and Anderson 2004; Aldridge and Boyce 2007; Walker and others 2007; others 2008: Blickley and others 2012; LeBeau 2012) , increased chick mortality proximate to oil and gas projects (Aldridge and Boyce 2007) , increased invasive plant establishment along roads (Gelbard and Belnap 2003) , and problems associated with wastewater holding ponds, such as potential facilitation of the spread of West Nile virus (Schrag and others 2011) .
S A G E B R U S H C O M M U N I T I E S
At first glance, sagebrush may appear to be homogenous ( Figure 3) ; closer inspection has, however, revealed an intricate, species-rich mosaic of sagebrush taxa that are largely defined by climate and soil properties (Barker and McKell 1983; Mahalovich and McArthur 2004; Miglia and others 2007; Still and Richardson 2015) . Moreover, ecotones between these mosaics often harbor sagebrush derived from hybridization (McArthur and others 1988) , some of which have been recognized by researchers as subspecies (Garrison and others 2013) . These mosaics in turn foster various assemblages of flora and fauna referred to as communities that are critical to sustaining sage-grouse.
Classifying these taxa and characterizing the environments where they occur is a key activity and essential to successful restoration. The most predominant sagebrush species across the Great Basin, Wyoming Basin, and Colorado Plateau is A. tridentata (full nomenclature for most species discussed in this article is found in Tables 1-4) . This species has, however, clearly diverged into subspecies that occupy specific niches (Mahalovich and McArthur 2004; Shultz 2006) . Two subspecies, A. tridentata spp. tridentata (basin big sagebrush) and A. tridentata spp. wyomingensis (Wyoming big sagebrush), cooccur in basin habitats but are differentiated based primarily on soil depth (Barker and McKell 1983; McArthur and Sanderson 1999) . With increasing elevation and precipitation these subspecies transition into subspecies A. tridentata spp. vaseyana (mountain big sagebrush). Genetic markers (Richardson and others 2012), growth rates (McArthur and Welch 1982) , and phytochemicals (Stevens and McArthur 1974; Welch and McArthur 1981; Kelsey and others 1983; Wilt and others 1992) can be used to differentiate these 3 subspecies. In addition to these 3 widespread subspecies, 4 range-restricted subspecies (Table 2 ) occur across the Great Basin, Colorado Plateau, and southwestern US (Goodrich 2005) . These subspecies have likely formed through hybridization with other subspecies or species similar to that proposed by Garrison and others (2013) .
Dwarf sagebrush, A. arbuscula (includes 3 subspecies) and A. nova, are an important component to sagebrush communities (Goodrich 2005; Shultz 2006 ). These species are typically found in areas where soil and (or) climatic characteristics do not support A. tridentata (Rosentreter 2005) . For example, A. nova can occupy ridgetops or rocky soils and form boundaries with A. tridentata ssp. wyomingensis. Artemisia nova can also form more continuous distributions, apparently driven by warmer and drier climates at lower elevations (Kitchen and McArthur 2007) . Similarly, some subspecies of A. arbuscula occupy poorly drained claypan soils. Other sagebrush species have regional importance to mosaics and sage-grouse habitat. These include A. tripartita ssp. tripartita distributed across higher elevations that co-occur primarily with A. vaseyana, A. rigida distributed across basalt scablands in the Columbia Basin and Oregon, and A. cana ssp. cana found principally along the front range of the Rocky Mountains (Mahalovich and McArthur 2004; Rosentreter 2005) . This robust mosaic of taxa is the foundation for sagebrush community floral diversity necessary for supporting sage-grouse. Biologists can use a pocket Artemisia field guide (Shultz 2012) to help distinguish taxa and communities. While ample information and understanding of sagebrush taxonomy and niche specialization exists, developing the guidelines and methodologies to support a successful habitat restoration framework remains a major challenge.
S A G E B R U S H H A B I T A T U S E
In general, GRSG use sagebrush habitat for courting, cover, and food based on sagebrush species composition and density. GRSG populations can remain resident in some areas, while other populations migrate between winter and breeding habitat or exhibit more complicated movements (Eng and Schladweiler 1972) . Juvenile birds can use a wide range of habitats during autumn dispersal (Dunn and Braun 1986; Hannon and Martin 2006) . Home range size varies from 125 km 2 to 2764 km 2 (30,888 ac to 683,000 ac) (Connelly and others 1988; Leonard and others 2000; Smith 2013) . Leks occur where sagebrush cover is minimal (< 10%), such as open meadows, sparsely vegetated ridges, and even agricultural fields (Ellis and others 1989; Connelly and others 2004) . Females can travel great distances from breeding leks to suitable nesting habitat (Braun and others 2005) .
Although pre-laying hens use dwarf sagebrush communities for feeding (Figure 4 ), nesting occurs primarily in denser, tall sagebrush with tall native grass cover and proximity to abundant forbs (Connelly and others 2000; Thompson and others 2006; Hagen and others 2007; Ersch 2009 ). These sagebrush communities generally have canopy cover values that range from 12 to 43% (Connelly and others 2000) . Throughout the Wyoming Basin and Great Basin, GRSG tend to utilize sagebrush communities that include A. tridentata ssp. tridentata and A. cana in valleys, floodplains, and lower elevations and A. tridentata ssp. wyomingensis and A. tridentata ssp. vaseyana at mid to higher elevations. Artemisia rigida is also used for cover and nesting in central Washington. In the northern Great Basin, nesting success is associated with dense sagebrush cover with 10 to 50% tall bunchgrass cover (Gregg and others 1994; Crawford and others 2004) . While dwarf and tall sagebrush communities are most commonly used for nesting, other shrub communities in association with sagebrush can support nests, including those inhabited by Purshia tridentata Pursh DC (Rosaceae) and members of the Asteraceae (Ericameria, Chrysothamnus, Tetradymia canescens DC).
During late spring to early summer following hatch, broods move to more open sagebrush canopy cover to feed on insects and forbs. Not surprising, as canopy cover of big sagebrush decreases, the abundance of grasses and forbs increases (Olson and Whitson 2002) as does the abundance of invertebrates hosted by the herbaceous plants. Moreover, as discussed earlier, dwarf sagebrush (for example, A. arbuscula, A. nova, A. tripartita) inhabits soils less conducive to big sagebrush. Notes: Conservation rankings: G1 = highly imperiled; G2 = imperiled; G3 = vulnerable; G4 = apparently secure; G5 = secure (NatureServe 2014).
As summarized by Arkle and others (2014) , in the Great Basin, GRSG occur more frequently on sites where big and dwarf sagebrush intergrade, perhaps because of the cover advantages of the tall shrubs and because the dwarf sagebrush species provide a more metabolically efficient forage for GRSG. Low elevation sagebrush communities are used for brood rearing and are preferred for forage (Connelly and others 2013) . Subshrub sagebrush species, such as A. frigida and A. pedatifida, and herbaceous species, such as A. ludoviciana and related genera such as Tanacetum nuttallii Torr. & A. Gray (Asteraceae), are consumed by juvenile and adult GRSG. Other woody Artemisia, such as A. filifolia, of the west-central Great Plains and Southwest historically provided habitat, and A. cana of the northern Great Plains and Great Basin, provides habitat in association with major rivers.
During winter, the diet of GRSG is exclusively sagebrush (Wallestad and others 1975) and winter habitat may be the most limited because, in addition to the forage quality of different sagebrush species, topographical and stand structure features are critical (Eng and Schladweiler 1972; Remington and Braun 1985) . When winter precipitation is high, birds may travel greater distances to find sagebrush blown free of snow.
Low elevation sagebrush communities are often used as winter habitat (Connelly and others 2013) .
G R E A T E R S A G E -G R O U S E D I E T
Life history and diet of GRSG are closely tied to the phenological development of sagebrush habitats. Brood rearing and chick productivity are highly dependent on sagebrush communities that contain a diversity and abundance of forbs and insects necessary for early GRSG development. Physiological condition of pre-laying hens may also contribute to juvenile survival and is highly dependent on understory flora from early spring to midsummer, as well as during the first few weeks post-hatch for young broods. Barnett and Crawford (1994) found that forbs comprised 18 to 50% (by weight) of the diet of pre-nesting hens; consumption of forbs containing high calcium, crude protein, and phosphorus content can improve reproductive success. Hens are known to feed on a variety of early spring annuals and perennials including the flower buds of Ranunculus and Lomatium. Chicks have been documented to consume 41 families of invertebrates and 34 genera of forbs (Drut and others 1994b) ; however, some plant taxa are preferred. Gregg and Crawford (2009) found that Lepidoptera availability and the annual Microsteris gracilis frequency were the only habitat variables related to brood survival, decreasing risk of total brood loss by nearly 12% and 3%, respectively ( Figure 5 ).
Chicks less than 3 wk old need adequate quantities of insects for survival and development, whereas chicks greater than 3 wk old require insects for optimum growth (Johnson and Boyce 1990) . Klebenow and Gray (1968) and Peterson (1970) found that invertebrates comprised 52 to 60% of the diet of chicks less than 7 d old, whereas forbs were the major component of chick diets 2 to 10 wk post-hatch. Greater forb and insect consumption has been positively correlated to chick survival (Barnett and Crawford 1994; Drut and others 1994a,b; Thompson and others 2006) .
In Oregon, during the first week post-hatch (May to June), chicks consume ants (Hymenoptera: Formicidae), darkling beetles (Coleoptera: Tenebrionidae), scarab beetles (Coleoptera: Scarabaeidae), and various caterpillars (Lepidoptera) (Ersch 2009 Early spring emerging forbs are especially important for pre-laying hens and chicks during their first 3 wk of development. Research revealed that forbs comprised 50% or more of the juvenile and adult summer diets in Utah, Idaho, Montana, and Oregon (Trueblood 1954; Klebenow and Gray 1968; Wallestad and others 1975; Barnett 1992; Barnett and Crawford 1994; Connelly and others 2000; Gregg and others 2008; Ersch 2009 ). In particular, Lomatium species (Figure 6 ) are preferred forage by pre-laying hens and chicks in the Columbia Basin and Great Basin, comprising a significant portion of their diet (Barnett 1992; Barnett and Crawford 1994; Ersch 2009 ). Important forbs, including annuals, consumed by adults and chicks (for their first 10 wk) are listed in Table 3 .
The suite of plants consumed reflects species availability as summer progresses and includes native species in natural communities, forage crops in agricultural fields, and weeds in disturbed sagebrush communities (Klebenow and Gray 1968) . Where sagebrush has been removed, grazed, or burned, crops and weeds commonly occur (Prevéy and others 2010a,b) and have been found to be major dietary components (Wallestad and others 1975; Barnett 1992; Barnett and Crawford 1994) . Throughout the late summer and fall, juveniles continue feeding on available forbs, such as Eriogonum (Braun and others 2005) z Determined from analysis of GRSG crops; most likely this is partial list. For example, in their results, Drut and others (1994) stated that they observed GRSG consuming 34 genera of forbs, yet named only 11. In addition, most authors referenced here identified plants only to the genus. Note this list does not account for GRSG preference; some of these species are consumed in large amounts, others rarely. Consult the original sources for more information on GRSG feeding preferences. Chick diet information from sources 1, 3, 5, 7, and fide 8. feed exclusively on sagebrush during winter months (Wallestad and others 1975) .
R E S T O R A T I O N T O S U P P O R T G R E A T E R S A G E -G R O U S E
Given the limited resources of management agencies, it is imperative to develop restoration strategies that yield the best success for establishing and retaining resilient sagebrush communities to support GRSG and other sagebrush-obligate species. The Great Basin Native Plant Project (GBNPP), a joint project of the USDI Bureau of Land Management (BLM) and the USDA Forest Service (USFS), is one of the primary research and development projects promoting the development of diverse native plant materials for restoration of the GRSG (Shaw and others 2012 (Stiver and others 2015) provide a wealth of pragmatic restoration information. Within the scope of this paper, we will narrow the discussion to 1) using proper sagebrush seed sources now and in the future, 2) developing and outplanting forbs, and 3) control of invasive grasses and forbs to ensure restoration success.
Outplanting the Correct Sagebrush in the Correct Location
Given that sagebrush is the foundation species in GRSG habitat, and that its absence from the landscape allows the populations of invasive plants to increase and native forbs and grasses to decrease (Prevéy and others 2010a,b) , returning sagebrush to the landscape is imperative. Unfortunately, for sagebrush restoration, we may be failing to meet the mantra: the right seed in the right place at the right time. In the sagebrush steppe, disturbances and invasion by weeds are most prevalent in the driest and warmest areas (Chambers and others 2007) . Therefore, A. tridentata ssp. wyomingensis (hereafter wyomingensis) is appropriate for many sagebrush restoration projects, and populations more local to the restoration site have higher first-year survival than more distant sources (Brabec and others 2015) .
To obtain the sagebrush seed needed for restoration, land management agencies rely on private seed collectors and vendors. In high fire years, land management agencies may request in excess of 226,800 kg (500,000 lb) of sagebrush seeds (Krabacher 2015) . Despite wyomingensis and A. tridentata ssp. tridentata (hereafter tridentata) growing in close proximity, these subspecies have vastly different moisture requirements and growth rates: tridentata prefers deeper soils or areas that retain winter moisture longer into the summer along dry washes and roadside ditches (Barker and McKell 1983; McArthur and others 1988) whereas wyomingensis favors shallower, drier soils in uplands and plateaus. The implication is clear: seeding misidentified tridentata on the wrong (that is, wyomingensis) site has the potential to reduce restoration success. In a recent study, Richardson and others (2015) found that wyomingensis had significantly greater seed weight than tridentata regardless of environment. Using this data, they determined that 83% of the certified seedlots labeled as wyomingensis collected in 2013 and 2014 and purchased by the BLM were largely composed of tridentata. Thus, we encourage seed collectors and land managers to use seed weight as a screening technique to ensure "the right seed for the right place. "
In the future, sagebrush restoration planning will have to account for the impacts of climate change to maximize successful outcomes. It is clear from research that plant communities, taxa, and populations are in flux (Menzel and others 2006; Hackett and others 2008) . Overall, the desert biomes of western North America are expected to expand 25% by mid-century. This expansion is, however, largely gained by warm deserts (that is, Mojave and Chihuahuan) at the expense of the sagebrush steppe (Rehfeldt and others 2012) . Bioclimatic niche modeling of wyomingensis supports these findings. The climate niche of wyomingensis predicts a reduction of 39% by midcentury (Still and Richardson 2015) (Figure 7 ). Losses mainly occur in the trailing edge of subspecies distribution, which are associated with aridity; recent ecohydrological models for decade 2070 found that winter and spring precipitation will not support big sagebrush at its trailing edge (Schlaepfer and others 2015) . The contracting areas of wyomingensis (Figure 7 ) are in the same areas where Mojave Desert climates are predicted to expand (Rehfeldt and others 2012) . Moreover, contracting areas should not be viewed as hopeless for wyomingensis restoration, but they are more likely to be less resilient over the next few decades.
Developing and Outplanting Forbs and Grasses
The recovery of healthy GRSG populations will require the restoration of diverse sagebrush-associated native plant
communities. Restoration success can hinge on selecting plant materials that "match" conditions at degraded sites (Lesica and Allendorf 1999; Hufford and Mazer 2003) , and the National Seed Strategy calls for using the "right seed in the right place at the right time" (PCA 2015) . Plant species exhibit intraspecific, or ecotypic, adaptive variation across multiple spatial scales, from local to regional (Linhart and Grant 1996) , which needs to be taken into account in seed source selection and plant material development (McKay and others 2005) . The strength, spatial scale, and trait by environment correlations that define intraspecific adaptive variation can vary substantially by species and ecosystem (Linhart and Grant 1996; McKay and others 2005) . Seed zones and seed transfer guidelines are management tools, developed originally in forestry, that are currently being used to define acceptable distances to transplant germplasm that preserve ecological and evolutionary relationships (Campbell 1991; Ying and Yanchuk 2006; Kilkenny 2015) . Species-specific seed zones, also called empirical seed zones, are constructed by modeling the relationship between plant phenotypic traits, determined through common-garden studies, and climatic variables (St Clair and others 2013; Kilkenny 2015) . The 2 primary forms of common-garden studies include genecological studies, where many populations (often > 100) are tested in one or a few common gardens, and reciprocal transplant studies, which test populations across multiple environments and usually use only a few populations (but see Wang and others 2010) . Genecological studies are best suited to characterize adaptive genetic variation across a large proportion of a species' range and are therefore most often used for costeffective seed zone construction, while reciprocal transplant studies are best suited for fully characterizing the adaptivity and plasticity of specific plant materials across a range of environments (Kilkenny 2015) . Data from all common-garden studies can be leveraged for use in more traditional agronomic methods of plant material selection, as well as to predict the effects of changing climates on plant populations of conservation concern (Kilkenny 2015) . Plant material selection may include breeding or selection for specific traits, such as enhanced ability to establish under harsh conditions (for example, Jones and others 2009; Leger and Baughman 2015) or to compete with invasive species (for example, Leger 2008) or to just simply increase wild collections (Johnson and others 2010) . These studies are robust in the information they provide, but they require appreciable funding and time to accomplish. Despite this disadvantage, many species important to the sagebrush biome, and therefore, GRSG, have been evaluated and seed zones are now available, including grasses (for example, Pseudoroegneria spicata; St Clair and others 2013) and forbs (for example, Allium acuminatum Hool.; Johnson and others 2013). Until empirical seed zones can be developed for the full suite of grasses and forbs used by GRSG, provisional seed zones can be used to guide germplasm movement (Bower and others 2014) .
With knowledge about where the plant species occurs and where seed sources can be moved, plant material production can proceed. Given that GRSG use a variety of forb species throughout the year, and their use also varies by season, it is important that species mixtures used in restoration activities be robust in their compliment of forb species-mixtures that include only a few forb species will not support the dietary needs of GRSG. Currently available materials, however, are unlikely to be adequate (in quantity and diversity) to restore sufficient sagebrush habitats for GRSG. Indeed, habitat models indicate that sage-grouse need highly diverse plant communities to thrive, and current seeding practices have fallen well short of that goal (Arkle and others 2014) . Failure to meet the goal is in part because some forbs are just difficult to produce economically in quantities that allow for abundant use in projects. Notable problems include seed dormancy, indeterminate seed ripening, low stature that makes mechanical harvesting difficult, long durations between initial seed sowing and first seed harvest, and other factors (Shaw and others 2005; Meyer 2006; Boyer 2008 ). Thus, typical seed mixtures for sage-grouse restoration work often have limited numbers of species despite, for example, data from Wyoming documenting at least 10 genera of native forbs growing on quality GRSG habitat (Jacobs and others 2013) . For example, Lambert (2005) , discussing restoration of big sagebrush habitat (not specifically sagegrouse restoration), provides "generic" mixtures; these averaged 2, 6, and 4 species of shrubs (one being sagebrush), forbs, and grasses, respectively. A recommendation from North Dakota specifies 1 sagebrush species and 5 species each of forbs and grasses (USDA NRCS 2007) . And, recommendations from Wyoming call for a minimum of 4, 2, 1, and 2 species of forbs, bunchgrasses, rhizomatous grass, and shrubs, respectively (UGRB 2015) . Thus, it is important that more economical methods for producing forbs are developed for commercial seed and nursery production. Not surprisingly, the recently released National Seed Strategy specifically discusses the need for additional research to develop species-specific methods for improved production (seeds and plants) of native species for restoration (PCA 2015) .
A good starting point for working with native forbs is their life histories. Many native forbs important to GRSG initiate germination at temperatures at or barely above freezing, coinciding with cold to cool spring soil temperatures. Many early cold to cool temperature-requiring forbs adapted to soil moisture limitations possess thickened taproots or vertical fleshy root systems that can potentially reach greater root depth and efficiently utilize available soil moisture earlier and deeper in the soil profile and effectively compete for space and soil moisture with invasive annual grasses. For example, Parkinson and others (2013) found that early emerging and senescing forbs with vertical taproots, such as Lomatium macrocarpum (Nutt. ex Torr. & A. Gray) J.M. Coult. & Rose, and rapidly growing species, such as Sphaeralcea munroana (Douglas ex Lindl.) Spach ex Gray, showed no reduction in relative growth rate when grown with native grasses and exhibited the least reduction in relative growth rate when grown with cheatgrass.
Lomatium species, as a group, are early spring emergers, germinate at cold temperatures, and possess deep, storage taproots. Common and endemic Great Basin and Colorado Plateau spring and summer flowering Fabaceae (Astragalus, Lupinus, Trifolium), Eriogonum, and many Asteraceae provide important forage during later stages of juvenile development. Many of these same plants also possess deep taproots and occur in a wide range of Basin and Plateau sagebrush communities. Penstemon species (Figure 8 ) frequently found in sagebrush communities often possess woody caudexes surmounting fleshy branched roots, and these species may be more successfully established on moderately invaded sites. In addition to GRSG, they are important for supporting bees and migratory hummingbirds (Trochilidae). Balsamorhiza sagittata with its large caudex provides tall cover in association with sagebrush.
Propagation and native seed production protocols are available for many Great Basin, Wyoming Basin, and Colorado Plateau perennial forb species (Dunne and Dunne 2002; Archibald 2006; NPN 2015) and native bunchgrasses (Archibald and others 2000; Smith and Whalley 2002; NPN 2015) . Researchers are gaining an understanding of critical seed germination temperatures for these forbs; Lomatium, Phlox, and some Eriogonum, adapted to late winter germination, germinate at cold temperatures of 3 to 6 °C (37 to 42 °F), while many basin Castilleja, Penstemon, and Trifolium species germinate at cool temperatures (15 °C [60 °F] or below). Asteraceae species, such as Agoseris, Antennaria, Erigeron, and
Crepis (Figure 9 ), as well as Astragalus, Lupinus, and some Castilleja and Penstemon species germinate at 20 °C (68 °F) (Baskin and Baskin 1998; Luna 2005) . Some species have specific germination-enhancing requirements; Balsamorhiza sagittata, for example, germinates better when exposed to ethylene before stratification (Chambers and others 2006) . And some genera, such as Eriogonum have species that germinate under a wide range of temperatures and during an extended period of several weeks (Meyer and Paulsen 2000) . Protocols for growing native forbs in seed production fields continue to improve (for example, Shock and others 2015) . The same can be said for other shrub species important to the biome (for example, Ericameria nauseosa (Pall. ex Purch) G.L. Neson & Baird; Love and others 2014a,b) . Techniques for longterm storage of sagebrush seeds have been developed (Karrfalt and Shaw 2013) , and techniques for growing (Long and Trimmer 2004; Fleege 2010) , storing (Overton and others 2013) , and outplanting (Davis and others forthcoming) sagebrush nursery stock are helping ensure successful restoration. For producing seedlings of strongly tap-rooted species (for example, Lomatium, Balsamorhiza) for which it is difficult to grow a "firm plug" for outplanting, rhizomes grown in bareroot beds (Landis 2008) or "soft-walled" container seedlings grown using Jiffy pellets or stabilized media that maintain a root plug regardless of root architecture (Woodruff and others 2014; Landis and Dumroese 2015) are worthy options to consider.
From 2001 through 2014, the GBNPP program evaluated 92 genera and 225 taxa of native plants (Table 4) , of which about 80% are forbs. The number of annual forbs studied by GBNPP is only about 15% of all taxa (Table 4 ). More use of annual native forbs may have benefit. In addition to annual forbs being an important part (up to 45%) of the diet of GRSG chicks less ITIS (2015) places Castilleja in the Orobanchaceae and Penstemon in the Plantaginaceae.
than 6 wk old (see Table 3 ), they may also be an underutilized aspect to restoring degraded sites. In a California Mediterranean climate, annual native forbs seeded on sites dominated by invasive species remained abundant for several years (Seabloom and others 2003) . In Oregon, a prairie restoration strategy that included multi-year sowing of natives, including annual forbs, resulted in exceptional cover of native species after 5 y; the annual forbs were thought to reduce weed establishment (Wold and others 2011) . Thus, annual native forbs could be important in re-establishing sagebrush habitat and their inclusion in restoration plans deserves more attention.
Controlling Invasive Grasses and Forbs
Our best efforts to produce native plants for restoration are honorable, but successful conservation and restoration of sagegrouse habitat will, in many cases, require controlling invasive plant species (Ielmini and others 2015) . One of the most important threats to the sagebrush biome and restoration of sagegrouse habitat is invasion by cheatgrass; this exotic annual grass displaces native forbs, increases fire frequency, and readily reestablishes after fire creating a self-perpetuating cheatgrass-fire loop (D' Antonio and Vitousek 1992) . Unfortunately, cheatgrass is not the only invasive plant causing problems. Many invasive forb species can also degrade sagebrush habitat by outcompeting and displacing desirable native plants (Ielmini and others 2015) . Nonnative forbs known to invade sagebrush habitats include several members of the Asteraceae (rush skeletonweed, Chondrilla juncea L. [ Figure 10] (Miller and others 2011; Ielmini and others 2015) .
Chemical herbicides are commonly used to suppress exotic weeds, but effectiveness is usually short-term; herbicides must be re-applied to maintain control and it is often economically unfeasible to apply on a landscape scale. Moreover, herbicides can, as discussed earlier, have long-lasting non-target effects on native plants (Crone and others 2009) , including those important to sage-grouse (Baker and others 2009; Rinella and others 2009) . This underscores the need to develop other weed control tactics to minimize use of herbicides and lower non-target impacts.
Biological control, the deliberate use of a weed's natural enemies to suppress its abundance, is a crucial management tool because it is one of the few methods that can provide costeffective, host-specific, long-term control of widespread invasive plants. Ongoing biological control research at the USFS RMRS is targeting the invasive plants most threatening to sage-grouse habitat. For example, evaluation of seed pathogens, including "black fingers of death" (Pyrenophora semeniperda (Brittleb. & D.B. Adam) Shoemaker), to control cheatgrass continues (Meyer and others 2008; Masi and others 2014; Soliai and others 2014) , as does the search for, and testing of, new potential biocontrol herbivores of several invasive forb species, including rush skeletonweed (Littlefield and others 2013) . RMRS scientists are also evaluating how climate change will affect invasive species and the use of biological control to manage them (Runyon and others 2012). Biological control holds great potential to safely and effectively manage invasive plants in sagebrush habitats and to serve a critical role in sage-grouse conservation.
S U M M A R Y
The sagebrush-dominated landscape of the western US is a rich mosaic of Artemisia species, subspecies, and hybrids foundational to a robust understory of grasses and forbs. This floral understory in turn supports diverse invertebrate communities. Together, these invertebrates and understory species are critical to the diet of GRSG; indeed, GRSG are known to consume nearly 40 genera. Thus, when an objective of restoration in the western US is to provide suitable GRSG habitat, land management protocols that incorporate a broad diversity of forb and grass species will provide more resources for GRSG and other sagebrush-steppe-dependent wildlife than management strategies that do not. To ensure restoration success, control of invasive plants is required, and biological control offers opportunity to accomplish this in a sustainable way.
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